Atmospheric pressure plasma jet ͑APPJ͒ can protrude several centers into the ambient air; therefore it holds remarkable promise for many innovative applications. The mechanism underlying this nonthermal discharge, however, remains unsettled that it has been often taken as resulting from dielectric barrier discharge or vaguely referred as streamerlike. We generated APPJ by using a quartz capillary tube with three distinct electrode configurations: conventional double dielectric electrodes for making dielectric barrier discharges, single dielectric electrode, and single bare metal electrode attached to the tube orifice. The jets generated by using the double dielectric electrodes were found consisting of three distinct parts and of different origins. The plasma jet starting from the active electrodes is essentially the propagation of streamers induced by corona discharge. With one single electrode, plasma jets can be generated in both downstream and upstream directions simultaneously; and more importantly at a significantly reduced voltage ͑peak-to-peak value from 3.6 kV on, at 17 kHz͒, this is particularly the case with the bare metal electrode configuration which also helps promote the jet velocity. The typical jet velocity at 10 4 m / s, the occurrence of a second streamer observed in the optical emission as well as the voltage and/or gas flow dependence of jet length can be reasonably accounted for by a streamer mechanism. These results may help steer the research into the underlying physics and will also facilitate a safer and more flexible implementation of this marvelous cold plasma source.
I. INTRODUCTION
The atmospheric pressure plasma is much advantageous over low pressure plasmas in various aspects. It can be dispensable with the expensive vacuum operation and maintenance, thus it allows many innovative designs to meet the growing demand for cost-effective, reliable, and easy-tooperate plasma sources. 1 Furthermore, it is not constrained to chamber-based processes; therefore it can be applicable for the in loco treatment of materials. The phenomenon of atmospheric pressure plasma jet ͑APPJ͒ can date back to 1960s when it was first generated as a local thermodynamicequilibrium plasma jet. 2 Later on, APPJs have been produced in various distinct designs and under significantly differing conditions. [3] [4] [5] For instance, Koinuma et al. 3 obtained an APPJ in 1992 in a microbeam plasma generator, which was later termed "a 'cold' plasma torch" by Schütze et al. 4 In 1998, Jeong et al. 5 reported the generation of a nonequilibrium APPJ by using an radio frequency discharge device adopting two coaxial metal electrodes, where the plasma jet was sustained by a strong gas flow passing through the discharge region. Another kind of APPJ which interests us and is concerned here, normally generated in a quartz capillary tube by using the double dielectric electrode configuration for obtaining the dielectric barrier discharge ͑DBD͒, has been carefully investigated by Teschke et al., 6 KJdzierski et al., 7 and other researchers. Such a plasma jet can protrude into the ambient air for over 11 cm, which implies a greatly enhanced flexibility for the implementation of APPJ in twodimensional ͑2D͒ and three-dimensional ͑3D͒ materials processing, biomedicine, fabrication industries, and so forth. 3, 7, 8 In the jet effluent, the temperature of the gas is usually below 150°C, so that thermally sensitive materials also can be treated. Various portable APPJ devices, including jet needle, 9 and plasma pencil, [10] [11] [12] have been constructed; and for their effective operation often molecular gases such as oxygen or methane are added to the inert carrying gases. 13 At the same time, the plasma jets thus obtained are also found to exhibit other intriguing properties. The APPJ that has been investigated in Refs. 6, 7, and 9-12 is an electrically driven phenomenon that merits indepth research in its own right. Recently, under the highresolution intensified charge coupled devices the jet was found to comprise small plasma bullets propagating at velocities typically in the order of 10 4 -10 5 m / s. 6, 11, 12, [14] [15] [16] This triggers again a wave of research enthusiasm toward APPJ. 9,14-18 Lu and Laroussi 11 proposed a model based on photoionization to explain the propagation kinetics of the plasma bullets, while Sands et al. 15, 16 noticed that the plasma jet strongly resembles the cathode-directed streamers in some aspects, and they speculated that it may be initiated in a way independent of the DBD. Yet the plasma jets are still usually generated by using the conventional DBD double electrode configuration ͓Fig. 1͑a͔͒ and the formation mechanism for APPJ remains unsettled. In this paper, by studying the discharge behavior of the plasma jets generated with the DBD configuration, we realized that for the formation of the plasma jet, the dielectric layer coating the electrode is not a prerequisite, and the forward jet and the DBD within the gap may come about by two fundamentally different mechanisms. Rather, APPJ originates in a streamer corona in the neighborhood of the active electrode. We will show that APPJ can be equally launched with significantly reduced voltages by using one single dielectric electrode or even one bare metal electrode directly attached to the tube orifice, and the jet occurs simultaneously in both downstream and upstream directions. In recognition of the streamer mechanism, the jet velocity and other discharge features can be reasonably explained.
II. EXPERIMENTAL
Plasma jets concerned in this paper are generated in a quartz capillary tube with an inner diameter of 2.0 mm and an outer diameter of 3.5 mm. High-purity helium ͑5N͒ is used as the working gas; and the flow rate is controlled by a volume flow meter. The flow rate of the helium gas was restricted below 250 l/h so that the flow velocity would not exceed the limit for a laminar helium flow. A sinusoidal voltage at 17 kHz is applied for the excitation and sustaining of the discharges. Three distinct electrode configurations are applied to reveal the true origin of the plasma jet, as illustrated in Fig. 1 . In Fig. 1͑a͒ is the conventional double electrode configuration for DBD. The dielectric electrodes, 2.0 cm wide, are made of aluminum foil wrapping the capillary tube, and the gap between the inner edges is 3.0 cm. The ground electrode is on the upstream side; the active electrode is on the downstream side and 1.0 cm apart from the tube orifice. Configuration ͑b͒ differs from ͑a͒ in that the ground electrode is removed. This is then a single dielectric electrode configuration. As there is no another physical electrode, the plasma jet thus generated was terminated through a virtual ground plane, i.e., a closed circuit of the discharge is only completed with the remote ground. In Fig. 1͑c͒ is a typical corona discharge configuration. The electrode is made of a 0.5 mm thick metal foil with a hole of 2.5 mm in diameter, which is directly attached to the quartz tube orifice.
A digital camera ͑Canon EOS 30D, with a 50 mm lens͒ and two photoelectron multiplier tubes ͑PMTs͒ ͑Hamamatsu CR131͒ are used to study the optical emission from the plasma jets. The output of the PMTs is recorded by an oscilloscope ͑Tektronix DPO 4104͒. In the front part of PMT it has two slits, both 1 mm wide and 20 mm thick, separated by a distance of 100 mm. The PMTs are placed at ϳ25 mm away from, and perpendicular to, the plasma jet so that the "vision" of the PMTs is restricted within about 1.5 mm along the axis of the discharged effluent ͑Fig. 2͒. The positions of the two PMTs are adjustable. As having been established by previous studies that the plasma jet comprises a train of highspeed "bullets", therefore when the plasma bullets pass the front of the PMTs, the finely resolved output will disclose the form ͑by the temporal duration͒ and propagation kinetics of the bullets; thus allowing the calculation of the averaged propagation velocity and the analysis of the origin for the plasma jet.
The resistor R i in the circuit for the measurement of discharge current is R i = 330 ⍀ ͑Fig. 2͒, and the probe ͑P6139A͒ attached to the oscilloscope has a bandwidth of 500 MHz and an input resistance of 10 M⍀. Taking into account of the properties of the discharges to be discussed below, the circuit with the discharge and the measuring devices as a whole has a large electrical capacity due to the large electrode area and a large resistance due to the long weakly ionized channel ͑a few centers͒. Consequently, the fall time RC of the measuring circuit is enormously large in comparison with the nanosecond scale of the spikes to be revealed by the optical emission measurement, leading to a smoothed discharge current.
III. RESULTS AND DISCUSSION

A. Three distinct discharge regions under DBD configuration
With the given electrode geometry, i.e., electrode width of 2.0 cm and at a separation of 3.0 cm, plasma jets can be successfully launched with a quite low voltage. In fact, the applied voltages we adopted are exclusively below 12.0 kV ͑peak-to-peak value throughout this paper͒, and the minimum value is down to 3.6 kV. Figure 3 displays the true- color photographs of stable plasma jets launched by using the double electrode configuration under four gas flow rates: 50, 100, 150, and 200 l/h; and for each flow rate, three plasma jets generated at different voltages are presented. Under each voltage specified on the photograph, the discharge in the DBD gap is of a peculiar nature, to be discussed below by inspecting the discharge current, yet the forward jets remain unaltered. This fact reminds us that the forward jet may arise from a different mechanism as DBD. In the range of applied voltages ͑6.7-10.5 kV͒, the jet length is susceptible to the variation in the gas flow rate, whereas it shows only a hardly noticeable dependence on the voltage. At a flow rate of 150 l/h, the jet length obtained with voltages between 7.0 and 9.0 kV measures 3.5 cm, while at 200 l/h it extends over 4.0 cm. From 9.0 kV on, the jet becomes unstable, and the previously conical form of the jet head becomes well rounded. This observation has been ascribed to the variation in the helium/air interface with the gas flow, 19 but a full picture can be only completed by providing more details about the formation of the jets in terms of streamer corona, as will be discussed below. Clearly, with this configuration a large voltage and/or a large flow rate are demanded to generate a plasma jet of usable length.
It is noticed that the discharge generated in the capillary under the DBD configuration ͓Fig. 1͑a͔͒ can be divided into three distinct regions: the forward jet starting from the active electrode, the discharge in the DBD gap between the electrodes, and the overfall jet in the upstream direction beyond the ground electrode. They may have different origins. The "discharge overfall" at the far end of the ground electrode, which only can be observed under proper conditions ͑Fig. 4͒, is a very interesting feature that has led us to the identification of the formation mechanism for plasma jet. The discharge overfall is essentially also a plasma jet; in fact, Lu and Laroussi 11 used this effect to generate downstream plasma jets, where the ground electrode sits near the tube orifice, and the plasma plume also displays distinct bullets.
The upper part of Fig. 4 illustrates the discharges generated at a constant flow rate of 150 l/h, with the voltage varying from 4.0 to 12.0 kV. When the voltage is below 4.0 kV, the discharge cannot fill the gap between the electrodes, and a glow in the jet form appears symmetrically about the active electrode. In this case no discharge current can be measured in the circuit connecting the two electrodes. This strongly indicates that the discharge here originates at the active electrode. By increasing the applied voltage, the jet in the ambient air grows in length and a bright glow begins to fill the gap. For voltages from 8.0 kV on, a glow in pink envelope appears in the overfall zone beyond the ground electrode, and grows in length with the increasing voltage. In the case of an applied voltage fixed at 8.0 kV, while the flow rate changes from 25 to 250 l/h, the length of the forward jet in the ambient air increases steadily, meanwhile the discharge overfall always makes its presence and becomes enhanced both in length and in intensity ͑see the lower part of Fig. 4͒ . The discharge overfall emerges after the DBD process has been established, its occurrence here can be explained as follows. The overfall jet, just like the forward jet, starts from the active electrode as a positive streamer, as will be justified later by optical emission measurement. At a low applied voltage, the propagation length of the jet is short, and the positive charges will be neutralized by the polarization charges induced in the region of the ground electrode, thus terminating its further propagation. Later we will see that if the ground electrode is removed, the jet can reach a much larger distance in the upstream direction ͑cf. Fig. 5͒ . Under a sufficiently large voltage, the polarization charges at the ground electrode will get saturated, and they are unlikely to be able to compensate the discharge process. Therefore the charge accumulation region will extend beyond the ground electrode, resulting in an overfall of charges. This is the reason why a glow in the overfall region can be observable only when the applied voltage exceeds a threshold value of ϳ8.0 kV. The glow induced by charge overfall becomes evidently elongated at larger voltages. Since the amount of polarization charges induced around the ground electrode is proportional to the electrode area, therefore a large-area ground electrode is unfavorable for the formation of overfall. From our experimental data, the threshold voltage for the occurrence of discharge overfall, in the case of a 5.0 cm wide ground electrode, needs be ϳ20 kV. This explains why discharge overfall was not observed in previous studies such as in Refs. 6 and 13 where the ground electrode is 5.0 cm wide, while the applied voltage is, however, below 15 kV.
Simultaneous measurement of discharge current and optical emission in the neighborhood of electrodes tells more about the nature of the discharge process. Figure 6 illustrates the optical emissions measured at 5 mm away from the inner edge of the two electrodes ͑T 1 at the ground electrode, T 2 at the active electrode͒, and at 5 mm away from the outer edge of the active electrode ͑T 3 ͒, respectively, together with the discharge current. For Fig. 6͑a͒ the discharge was generated at 6.0 kV. The optical signal was first measured simultaneously at the two flanks of the active electrode which is at the moment positive in the first half-period of the applied voltage ͑comparing T 2 and T 3 ͒, while the signal T 1 measured at the ground electrode lagged by ϳ5.0 s. This convinces us that the discharge is now a streamer that propagates from the transient anode to the cathode. In the case that the applied voltage was raised to 9.0 kV that the gap between the electrodes was filled with a bright glow, we see that some significant changes in the discharge behavior occurred ͓Fig. 6͑b͔͒. The optical signals monitored by T 1 and T 2 appear almost at the same time, which indicates an immediate transition to a glow discharge under the given conditions. Although the discharge within the gap of the electrodes is now a glow discharge in nature, the optical intensity measured in the jet zone ͑T 3 ͒ remains unaltered. This is to say that the glow discharge, which appears only when the applied voltage is sufficiently large, and the forward jet, which can be initiated with a relatively lower voltage, have developed in a mutually independent way. Again, it tells that the forward jet is not the discharge swept out from the DBD gap by the gas flow.
The finely resolved optical signals in Fig. 6 comprise sharp spikes which could not be taken as noise, since they are absent in the emission from the jet in the air ͑not shown here͒. These spikes may contain some useful information for decoding the formation process of the jet. The capillary DBD configuration as in Fig. 1͑a͒ may be unfolded into a coplanar surface discharge system. The discharge in the capillary runs along the inner surface of the dielectric tube. As discussed by Gibalov and Pietsch, 20 the discharge along the dielectric surface inside a capillary forms some microdischarges, which grow stepwise as driven by the electric field. The spikes in the measured optical emission may arise from such random microdischarges, but this cannot be confirmed with the current measurement. The results in Figs. 4 and 6 conclude that the discharge starts from the active electrode, and the discharge current strictly keeps in pace only with the optical emission measured near the ground electrode. The plasma jet is a cathodedirected streamer 21 that it can extend both downstream into the ambient air and in the upstream direction. The presence of a ground electrode on the upstream side brings the discharge into a streamer-triggered glow discharge when the streamer can reach the ground electrode and make a conducting channel, or, under an even larger voltage, into a glow discharge, which in turn obscures the true nature of the forward plasma jet.
The aforementioned observations lead to the speculation that the plasma jet originates in a streamer corona instead of being a DBD in spite of the double electrode configuration adopted, since downstream and upstream jets symmetrical about the active electrode were already ignited at voltages even below 4.0 kV before a DBD glow discharge could be launched. For DBD, the discharge forms a circuit with the two electrodes via the dielectric coating layer, whereas for the jet the circuit is formed via the drift of the carriers in the gas to the virtual ground far away. Thus, when the voltage is very high and the ground electrode is not very wide, the upstream jet can extend beyond the ground electrode that the overfall jet, the forward jet, and the DBD glow can be observed at the same time. Of course, the establishment of the streamer corona mechanism for the plasma jet needs more persuasive evidences.
B. Launching of APPJ with one single electrode
In the previously studied DBD setup, depending on the applied voltage, plasma jets can be generated independent of or together with the glow discharge. We think that the plasma jet forms via the streamer corona mechanism and this fact is simply obscured by the concurrent DBD processes. If streamer corona is the mechanism responsible for the formation of APPJ, then plasma jets shall be equally launched by using one single active electrode, and even the dielectric layer coating the electrode is undesirable. In the following we will demonstrate that by removing the ground electrode, plasma jets can be launched at ease. Furthermore, the electrode needs not be covered by the dielectric layer-a bare metal electrode does the work better.
With the single dielectric electrode configuration ͓see Fig. 1͑b͔͒ , plasma jets were generated under similar conditions as in Fig. 4 . Naturally now the situation is less complicated since the DBD gap and the discharge overfall region are no more available. Remarkably, the downstream jet still can only extend to a maximum length of 4.0 cm into the air, whereas the upstream jet grows steadily from ϳ3.0 cm at 4.0 kV to over 12.0 cm at 12.0 kV ͓Fig. 5͑a͔͒. Roughly speaking, the upstream jet assumes a much larger length but demands a higher threshold voltage. The variation in the jet length with the applied voltage or the gas flow rate, and the differing behavior for the upstream and downstream jets, substantiate the expectation that the jet length depends heavily on the active region of the corona. 21 Since inside the quartz tube the disturbing air/helium interface is absent, the relationship between the jet length and the applied voltage is well expressed ͑to be further discussed below͒.
Since it is the streamer mechanism that is responsible for the formation of the plasma jet, the dielectric barrier to the electrode is then superfluous. A single bare metal electrode should suffice for the launching of the plasma jet. Figure 5͑b͒ illustrates the jets generated with a metal electrode directly attached to the tube orifice ͓Fig. 1͑c͔͒. As expected, a shorter downstream jet and a long upstream jet were simultaneously generated, yet they show some dedicate differences from the jets obtained with the other two electrode configurations. First, just with an applied voltage of 4 kV, the jet in the ambient air already approaches its maximum length limited by the air/helium interface. This value is 9.0 kV for configuration ͑a͒ and 7.0 kV for configuration ͑b͒ ͓cf. Figs. 3, 4 , and 5͑a͔͒. The possible reason is that with the direct contact between the metal electrode and the working gas, without the isolation by the dielectric layer, it then requires a relatively lower applied voltage to generate the electric field to initiate the ionization. Second, at a fixed flow rate of 150 l/h, for voltages over 5.0 kV the length of the upstream jet, now already ϳ12.0 cm, seems unperturbed, but with configuration ͑b͒ the jet length steadily grows with the voltage increasing from 5.0 to 12.0 kV.
C. Jet shape and jet length
From the upper part of Fig. 5͑a͒ we noticed that the length of the upstream jet grows steadily with the applied voltage from 5.0 kV on. This substantiates the expectation that the jet length hangs on the active region of the corona, and consequently the applied voltage. The relation between the jet length and the applied voltage is well expressed due to the absence of the disturbing air/helium interface in the upstream. From the lower figure it is seen that with the gas flow increasing from 25 to 250 l/h, while the downstream jet grows from less than 1.0 cm to its maximum length of 5.0 cm, the length of the upstream jet increases steadily up to a value of 11.0 cm. Moreover, from 100 l/h on, the head of the upstream jet turns pink ͑typical of pure He discharge͒ and shrunk in diameter. This strongly indicates that the flow rate is a pivotal factor in determining the jet length. Many authors have noticed that in order to obtain a stable jet, the gas flow should be in the stratum mode, the turbulent flow, which may incorporate some air, generally leads to some instability in jet. 6, 19 The jet originates in the streamer occurred in the gas near the active electrode, of which the initial stage involves electron avalanches. 21 Helium is an electropositive gas which favors the formation of electron avalanche, whereas the water vapor and oxygen in air, both electronegative, show a strong tendency toward electron attachment. Therefore, the formation of electron avalanches in the latter is relatively difficult, requiring a higher threshold electric field. In the given experiment, the discharge proceeds in the helium gas flow through a glass tube, the helium/air interface is a gradu-ally attenuating embodiment in the downstream direction. With the incorporation of air, the discharge will be quickly terminated. Hence the shape of jet in the ambient air reveals the helium/air interface formed via the interdiffusion process. In the downstream direction, the farther away from the tube orifice, the more serious will be the mixing with the air, so it forms an interface of conical form determined by the diameter and flow rate of the helium gas. In case of turbulent flow, the situation becomes more complicated, and the jet turns unstable and a deformed jet can be observed. 6, 19 The flow rate is certainly not the unique factor in determining the length and shape of the jet. The plasma jet is a special streamer corona formed in the helium channel, and the active range of the corona depends on the electric field in the neighborhood of the active electrode. Generally, the larger a voltage is applied, the larger will be the size of the corona. When the length of the helium channel is longer than the active range of the corona, it is then the applied voltage that determines the actual length of the jet; whereas when the active range of corona is considerably large at a high voltage, then the jet length will be limited by the length of helium channel.
D. Second streamer in positive half-period of applied voltage
The temporal evolution of the optical emission from the forward jet in the air, which was measured at 5 and 15 mm away from the orifice, respectively, was illustrated in Fig. 7 for the three electrode configurations. Remarkably, streamer emission often occurs twice at the end of the upgoing halfperiod of the applied voltage for all the electrode configurations. The double-peak for the second streamer emission in Fig. 7͑a͒ is a feint caused by data average over 64 full periods of the applied voltage, which reflects the random nature of this second streamer emission ͑note that this second streamer occurred in Fig. 6 in the downgoing half-period, see the curve T 3 ͒. The presence of the second streamer can be explained as follows: immediately after the first-round streamer, a weakly conducting channel is formed between the streamer front and the active electrode, and the potential along this channel maintains the value assumed when the discharge occurred. When the voltage increases to a sufficiently large value so that again a strong electric field is established to trigger the discharge, the second streamer is formed. Clearly the two streamers are generated under differing conditions, therefore they display different features. Many things remain yet unexplained about the second streamer, for example, its propagation velocity is evidently faster than the first one ͑see below͒. An in-depth discussion demands the experimental revelation of more details.
In contrast, a long-duration glow discharge was observed in the negative half-period. As mentioned above, a weakly conducting channel dominantly comprising positive ions was formed. In the negative half-period, the electrons deposited onto the surface of the dielectrics will be released, and accelerated toward the ionic channel, forming a discharge ͑for the third electrode configuration, this effect is obviously less pronounced͒. However, since the electric field in the channel is rather weak, and the mobility of the ions is small, the discharge looks quite less intensive but lasts for a longer time interval. Also noteworthy is that the discharge terminates prior to the advent of the minimum negative voltage, implying that the electrons involved in the initial stage of the discharge are the ones deposited on the dielectric surface in the positive half-period, while electrons generated by ion bombardment of the active electrode in the negative half-period are insufficient for the sustaining of the discharge.
E. Comparison of jet kinetics
It would be of some fundamental interest to compare the kinetic characters of the plasma jets launched with the three different electrode configurations, which can be determined from the temporal evolution of the optical emission from the jets in air ͑Fig. 7͒. We see that the three curves display quite the same features. A steady time delay can be established for the two peaks, by which the propagation velocity of the plasma jet, averaged over a section of 10 mm which starts at 5.0 mm away from the tube orifice, could be determined. For  Figs. 7͑a͒-7͑c͒ , the propagation velocity determined from the first peak measures roughly 1.1ϫ 10 4 , 0.7ϫ 10 4 , and 1.9 ϫ 10 4 m / s, respectively, and that determined from the second streamer peak reads 1.8ϫ 10 4 , 2.6ϫ 10 4 , and 6.6 ϫ 10 4 m / s, respectively. This is to say that under the same conditions, the electrode configuration ͑c͒ results in a faster jet. Clearly, the nonuniformity of the electric field at the active electrode plays a pivotal role in determining the propagation velocity of the plasma jet. These values for jet velocity are in agreement with Refs. 6 and 14, whereas the larger FIG. 7 . ͑Color online͒ Optical intensities ͑averaged over 64 periods of the applied voltage͒ measured at two positions on the path of the plasma jet in the ambient air generated with the three electrode configurations referred to Fig. 1 . Photomultiplier tubes T 1 ͑red curve͒ and T 2 ͑green curve͒ are placed at 5 and 15 mm away from the tube orifice, respectively. In ͑d͒ plotted is the applied voltage of 8.0 kV for reference. Gas flow rate: 150 l/h. values in Refs. 11 and 15 in the order of 10 5 m / s are due to the application of a square-wave excitation with a typical rise time of 20 ns and a large overvoltage. From the optical emission measurement and the true-color photographs of the jets, we concluded that roughly the same plasma jets are obtained with these three electrode configurations. The explanation for the propagation velocity of the plasma jets should be sought in a model of streamer propagation, toward this end more detailed knowledge over the formation and propagation processes of the plasma jet are desirable.
IV. SUMMARY
Our experimental results strongly suggest that the APPJ originally realized with the double dielectric electrode configuration for DBD is essentially a streamer corona. Consequently it seems more appropriate to be termed the corona plasma jet. Plasma jets of comparable characteristics can be effectively generated with all the three distinct electrode configurations, and in both downstream and upstream directions simultaneously. In particular, the single bare metal electrode can generate plasma jets of comparable lengths at a much reduced voltage, and it permits a very flexible and costeffective application of the plasma jet. In recognition of the streamer mechanism, a reasonable qualitative understanding of the plasma jet features can be obtained at the moment; and it warrants a more fruitful exploration of the physics underlying APPJ which may exhibit some more interesting properties. Inspired by the successful launching of APPJ with single electrode, alternative methods for the generation and innovative 2D and 3D implementations of the plasma jets are to be expected.
